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Introduction {#sec001}
============

Routine handling of laboratory animals is essential for every-day husbandry and conducting experiments. However, handling can compromise the welfare of laboratory mice and is a well-recognised source of variation in animal studies \[[@pone.0231454.ref001]--[@pone.0231454.ref003]\]. Mice are the most widely used species in biomedical research. Consequently, evidence-based improvements to handling methods are an important refinement that could improve welfare for a large number of animals, potentially reducing the numbers required to achieve accurate and replicable findings.

The most common method used to capture and handle laboratory mice is to pick up and grasp the mouse by the base of its tail, a method often specified in standardized protocols \[[@pone.0231454.ref004]--[@pone.0231454.ref006]\]. However, two alternative methods for picking up laboratory mice have been investigated and validated in recent years \[[@pone.0231454.ref007]--[@pone.0231454.ref009]\]; 'tunnel' handling, that involves guiding mice into a tunnel before being lifted (thus avoiding direct contact), and 'cup' handling, where mice are scooped up and lifted with closed or open hands and allowed to move freely without direct physical restraint (video tutorials of techniques available online; <https://www.nc3rs.org.uk/mouse-handling-video-tutorial>). Both of these methods are considered non-aversive, because they result in an increased willingness of mice to interact with their handler, and have been found to lower anxiety-like behaviour and enhance the performance of mice in standard behavioural tests \[[@pone.0231454.ref007]--[@pone.0231454.ref012]\]. These findings have been replicated in several laboratories with a range of mouse strains \[[@pone.0231454.ref007]--[@pone.0231454.ref012]\]. Where examined, the positive effects of anxiety reduction, improved exploration and interaction with a handler are similar for cup and tunnel handling methods \[[@pone.0231454.ref007],[@pone.0231454.ref008]\], suggesting the benefits of using either tunnel or cup methods are similar. However, it can take longer for mice to become familiarised with cupping methods \[[@pone.0231454.ref008]\].

Research suggests that handling mice using a home-cage tunnel can also improve ease of handling during oral gavage compared to tail-handled mice \[[@pone.0231454.ref011]\]. Furthermore, tail-handled mice show decreased responsiveness to reward compared to tunnel handled mice, indicative of anhedonia and chronic stress \[[@pone.0231454.ref012]\]. To date evidence regarding the impact of handling method upon physiological indices is limited \[[@pone.0231454.ref010],[@pone.0231454.ref013]\]. A single study has shown that handling method can influence glucose metabolism \[[@pone.0231454.ref010]\], and there are inconsistent results regarding the influence of handling methods upon plasma corticosterone levels from two studies \[[@pone.0231454.ref010],[@pone.0231454.ref013]\]. Importantly, single or repeated restraint \[[@pone.0231454.ref007],[@pone.0231454.ref011],[@pone.0231454.ref014],[@pone.0231454.ref015]\], lifting the tail for abdominal inspection \[[@pone.0231454.ref007]\] and injection \[[@pone.0231454.ref011],[@pone.0231454.ref014],[@pone.0231454.ref016]\] do not negate the beneficial effects of tunnel handling upon voluntary interaction with a handler. In addition, while most studies have employed daily handling to investigate impacts upon behaviour and physiology, recent studies have shown that weekly or fortnightly handling during cage cleaning is sufficient for mice to show positive responses to tunnel handling \[[@pone.0231454.ref014],[@pone.0231454.ref016]\]. Overall, non-aversive handling, especially tunnel handling methods, appear to be an important welfare refinement.

Despite evidence that non-aversive handling can enhance welfare and potentially data quality compared to tail handling; tail handling continues to be used for routine handling in some laboratories, and the extent to which non-aversive methods are being routinely used is unknown. Furthermore, the obstacles that may be preventing the wider uptake of non-aversive handling have not been formally assessed or quantified. Here, we conducted an international online survey to identify the handling methods currently being used to pick up laboratory mice, and to understand why participants use their selected handling method. We also gauged opinion as to whether current data in support of non-aversive handling methods are convincing to the research and animal care community. Finally, we sought to identify perceived obstacles that may be preventing the uptake of non-aversive handling methods.

Methods {#sec002}
=======

Participants {#sec003}
------------

The target population for this survey were individuals that work with and/or conduct research using laboratory mice. Participants were invited to complete the survey via a number of routes; advertisements within mailing lists and newsletters of 3Rs, animal care and welfare organizations, and professional research societies (full list provided in [S1 Data](#pone.0231454.s001){ref-type="supplementary-material"}). All participants that completed the survey were included in analysis, participants were not screened, and no inclusion or exclusion criteria were used. The project was approved by the Newcastle University Ethics Committee (7651/2018).

Online survey {#sec004}
-------------

The anonymous online survey was hosted through Jisc ([www.jisc.ac.uk](http://www.jisc.ac.uk); full survey in [S2 Data](#pone.0231454.s002){ref-type="supplementary-material"}, open between 15^th^ September 2018--14^th^ January 2019). Firstly, participant information was collected (8 questions); questions included where they had heard about the survey, their job role, place of work, time spent handling mice in the last year, how long they had worked with mice, the country they work in, and their gender and age. We then asked about their knowledge of non-aversive handling methods, and the methods they currently use to pick up mice (3 questions). Next, we asked their reasons for using their chosen handling method. In this case participants had a list of options and an opportunity to explain their choice(s) via free-form text. We then gave participants the opportunity to read summarized information on, and follow links to literature regarding the influence of handling methods upon mouse welfare and experimental outcomes (<https://www.nc3rs.org.uk/how-to-pick-up-a-mouse>), and asked them to rate how convinced they were by these data from 1--5, in regard to mouse welfare, and experimental outcomes (1 --not convinced, 2---not very convinced, 3 --no opinion, 4 --mildly convinced, 5 --very convinced). Finally, for thematic analysis we asked participants to explain, in a free-form response, what would be required for them to consider using tunnel handling exclusively. Throughout the survey our questions stated tunnel handling rather than using the term non-aversive handling. This approach was used to improve the specificity of the responses, however participants were always given the option to describe the use of, and reasons for using alternative non-aversive methods, such as cup handling.

Data processing and analysis {#sec005}
----------------------------

Participants were provided with a list of options for both job role, the handling method(s) used, and the reasons for using or not using a given handling method. The majority of respondents chose options from the provided list (Job role: 83%, Handling method: 98%). But participants also had the opportunity to select an "Other" option and use free-text to describe their job role or preferred handling method. In that case, if their response was aligned with the options listed, they were coded as such. In some cases, a new category was created to account for these responses. For example, Regulator in job role, where an individual works for an organization that legislates the use of animals in scientific research.

Job role could influence both the use of, and views about, non-aversive handling methods. This is because job role could influence how much time individuals spend handling mice and/or the type of procedures they conduct. For example, animal care staff are likely to carry out more animal husbandry than researchers. To investigate whether job role influenced the handling methods used and the opinions of the different handling methods, job roles were combined into four categories; 'Animal Care Staff', that included technicians and managers, 'Researchers', that included principal investigators, research assistants, postdocs and students, 'Veterinarians', and 'Other', that included Regulators, Teacher/Instructors and Faculty head/Directors. Where appropriate job roles were used for analysis and descriptive statistics.

Additional handling methods were added to the initial options, which were tail, cup and/or tunnel. For example, "Scruff", which is lifting the mouse out of the cage by the loose skin at the nape of the neck, "Tail-hand", which is lifting the mouse using the tail then immediately placing the mouse on the hand and "Enrichment", using another enrichment item already in the cage (e.g. a plastic "igloo") to lift the mouse. When participants were asked to give their reasons for using their chosen handling method, more options were available to explain why they do not use tunnel handling (N = 16), compared with why they did use non-aversive methods (N = 5). For both questions, participants were given the opportunity to give additional reasons in free-form text. Based on the responses in the free-form text, we created additional reasons for using handling methods. As participants could choose more than one reason for using the chosen handling methods, percentages can sum to more than 100. Responses to the multiple-choice questions were analysed quantitatively using Pearson\'s chi-squared tests and descriptive statistics (means/percentages) in R 3.3.2 (R Development Core Team, 2016).

Not all respondents provided qualitative comments for the optional question, "What would be required for you to consider using tunnel handling routinely?", that offered a free-form response (N = 249). As this question specifically targeted respondents that were not routinely using tunnel handling, responses were gathered from a sub-sample of respondents. Responses to this question were analysed thematically and coded according to the main themes they described. Each comment was initially coded separately, then individual comments were re-grouped into categories that were similar or equivalent in theme. Some of the original coded comments were grouped based on topical overlap of comments (e.g., grouped within "*Perceived practicality of tunnel handling"* were comments regarding using tunnels for procedures and health checks, use of tunnels in specific cage sizes, and for experimental apparatus). The qualitative comments were initially coded by one author (LJH) and verified by the other authors (TVS, JVR). A response that addressed multiple themes was counted as multiple comments, therefore percentages reported can sum to more than 100.

Results {#sec006}
=======

Participants {#sec007}
------------

The demographic characteristics of the 390 participants who completed the survey are detailed in [Table 1](#pone.0231454.t001){ref-type="table"}. Briefly, respondents worked in 27 countries, and the majority were female (72%). Respondents included researchers, animal care professionals, veterinarians, regulators of the use of animals in scientific research, and animal health and welfare professionals (see [Table 2a and 2b](#pone.0231454.t002){ref-type="table"} for full details). The majority of participants were animal care professionals (N = 148 (38%)) and researchers (N = 192 (49%)), making up 87% of respondents. Participants varied in the frequency with which they routinely undertook mouse handling, with animal care staff handling mice most often (see [Fig 1a](#pone.0231454.g001){ref-type="fig"}). At the time of the survey, most participants had over 10 years of experience handling laboratory mice (see [Fig 1b](#pone.0231454.g001){ref-type="fig"}).

![A) Percentage of respondents that had spent, either every working day, \> 6 months, \< 6 months, \< 3 months or \< 1 month handling mice in the past year, by job role. B) Percentage of respondents that had worked with mice for \> 10, \> 5 or \> 2 years, or \< 2 years, by job role, (N = 390). "Other" job role category includes Faculty head/Directors, Regulators and Teacher/ Instructors, and constitutes 5% of respondents.](pone.0231454.g001){#pone.0231454.g001}

10.1371/journal.pone.0231454.t001

###### Summary of the demographic information of survey participants (o = optional questions, m = mandatory questions, N = number of responses).

![](pone.0231454.t001){#pone.0231454.t001g}

  Question            Answer options   Count   \% of N   N
  ------------------- ---------------- ------- --------- -----
  ***Age (o)***       16--25           39      10.1      386
  26--35              141              36.5              
  36--45              109              28.2              
  46--55              65               16.8              
  56--65              31               8.0               
  \>65                1                0.3               
  ***Gender (o)***    Female           272     71.6      380
  Male                108              28.4              
  ***Country (m)***   Australia        35      9.0       390
  Austria             1                0.3               
  Brazil              2                0.5               
  Canada              54               13.8              
  Chile               1                0.3               
  Czech Republic      1                0.3               
  Denmark             1                0.3               
  Finland             1                0.3               
  France              20               5.1               
  Germany             23               5.9               
  Hungary             2                0.5               
  India               1                0.3               
  Ireland             6                1.5               
  Italy               2                0.5               
  Latvia              1                0.3               
  Lithuania           4                1.0               
  México              1                0.3               
  Netherlands         5                1.3               
  New Zealand         29               7.4               
  Portugal            6                1.5               
  South Africa        1                0.3               
  Spain               2                0.5               
  Sweden              7                1.8               
  Switzerland         33               8.5               
  Thailand            1                0.3               
  UK                  119              30.5              
  USA                 31               7.9               

10.1371/journal.pone.0231454.t002

###### Breakdown of participants by A) job role, and B) place of work (m = mandatory question, N = number of responses).

![](pone.0231454.t002){#pone.0231454.t002g}

  A\)                                                                                  
  ------------------------------------ --------------------------------- ------ ------ -----
  ***Job role (m)***                   Animal care manager               45     11.5   390
  Animal care technician               103                               26.4          
  Faculty head/ Director               3                                 0.8           
  Instructor/Teacher                   2                                 0.5           
  Researcher---Technician/Assistant    25                                6.4           
  Researcher--Post doc/ Associate      49                                12.6          
  Researcher--Principal investigator   67                                17.2          
  Researcher--Student                  51                                13.1          
  Regulator                            16                                4.1           
  Veterinarian                         29                                7.4           
  **B)**                                                                               
  ***Place of work (m)***              Non-governmental oversight body   2      0.5    390
  Private Company R&D                  35                                9.0           
  Publicly Funded Research Institute   76                                19.5          
  Research Hospital                    5                                 1.3           
  University/ College                  270                               69.2          
  Other                                2                                 0.5           

Knowledge and use of handling methods {#sec008}
-------------------------------------

The majority of participants stated they had prior knowledge of tunnel handling methods before completing the survey (mean across countries; 80.9%). At the time of the survey, participants reported using a range of handling methods for picking up laboratory mice (see [Table 3](#pone.0231454.t003){ref-type="table"}). Respondents that used a combination of tail and non-aversive handling methods were the largest group represented with 43%. 35% of respondents reported using only tail methods to pick up mice, and 18% of respondents used only non-aversive handling methods (see [Table 3](#pone.0231454.t003){ref-type="table"}). The handling methods used were similar across the main job roles, however researchers used tail only methods significantly more than the other handling methods compared with animal care staff (Pearson\'s chi-squared: ***χ***^**2**^ = 7.54, P \< 0.01, [Fig 2](#pone.0231454.g002){ref-type="fig"}).

![Handling methods used to pick up mice by job role; animal care staff (N = 149), researchers (N = 190), veterinarian (N = 29) and other (N = 21).\
"Other" job role category includes Faculty head/ Directors, Regulators and Teacher/ Instructors, and constitutes 5% of respondents. \*\* denotes P \< 0.01. See [S3 Data](#pone.0231454.s003){ref-type="supplementary-material"} for a comparison of the handling methods used between the UK and the other countries represented in the survey.](pone.0231454.g002){#pone.0231454.g002}

10.1371/journal.pone.0231454.t003

###### Summary of methods used by survey participants to pick up laboratory mice (N = 389).

![](pone.0231454.t003){#pone.0231454.t003g}

  -------------------------------------------------------------------------------------------------------------------
  Handling Method                         Count   \% of respondents   Count\         \% of respondents (per method)
                                                                      (per method)   
  --------------------------------------- ------- ------------------- -------------- --------------------------------
  ***Tail***                              136     **35.1**            136            35.1

  ***Non-aversive methods***              68      **17.5**                           

  Tunnel, Cup                                                         37             9.5

  Tunnel                                                              22             5.7

  Cup                                                                 9              2.3

  ***Tail and non-aversive methods***     168     **43.3**                           

  Tail, Tunnel                                                        73             18.8

  Tail, Tunnel, Cup                                                   59             15.2

  Tail, Cup                                                           34             8.5

  Tail, Enrichment                                                    1              0.3

  Tail, Tunnel, Cup, Enrichment                                       1              0.3

  Tail, Tunnel, Cup, Enrichment, Scruff                               1              0.3

  ***Tail and other handling methods***   16      **4.1**                            

  Tail, Scruff                                                        6              1.5

  Tail, Forceps                                                       3              0.8

  Scruff                                                              2              0.5

  Tail-Hand                                                           2              0.8

  Tail, Tail-Hand                                                     2              0.5
  -------------------------------------------------------------------------------------------------------------------

To understand why participants preferred a particular handling method they were asked to select reasons for their choice. The main reasons respondents gave for using tunnel handling were "Benefits to animal welfare", "Benefits to experimental outcomes" and "Guidelines at place of work", with 88%, 44% and 35% choosing those options respectively (see [Table 4](#pone.0231454.t004){ref-type="table"}). There was a wider range of reasons chosen for not using tunnel handling methods. The top three responses were, "I use the handling methods that have always been used", "I am concerned it will be slower" and "Not sure it\'s better than current method", with 32%, 31% and 30% of respondents choosing these options respectively. Also, 26% of respondents chose "I had not previously heard of tunnel handling" and 24% chose "No one has suggested to do it differently". 22% of respondents chose the "Other" option, the most common reason given in this case was the perceived incompatibility of tunnel handling with restraining mice for procedures and health checks (13%). The second most common response was that they prefer cup handling (5%) (see [Table 5](#pone.0231454.t005){ref-type="table"} for all responses categorised by "Other").

10.1371/journal.pone.0231454.t004

###### Answer options chosen by survey participants, and elective responses provided under the "Other" option by survey participants for using tunnel handling to pick-up laboratory mice.

![](pone.0231454.t004){#pone.0231454.t004g}

                                              Answer options               Count   \% of N   N
  ------------------------------------------- ---------------------------- ------- --------- -----
  ***Why do you use tunnel handling*?**       Benefits to animal welfare   169     87.6      193
  Benefits to experimental outcomes           85                           44.0              
  Guidelines at place of work                 67                           34.7              
  **Elective responses**                                                                     
  Mouse already in tunnel                     8                            4.1               
  Faster and/or more efficient                4                            2.1               
  Improves mouse behaviour                    3                            1.6               
  Trialling non-aversive methods              2                            1.0               
  Use only if mouse is habituated to tunnel   2                            0.5               
  Personal well-being                         1                            1.0               

10.1371/journal.pone.0231454.t005

###### Reasons given by respondents for not using tunnel handling to pick up laboratory mice that were not covered by the options provided (N = 293).

These reasons were provided under the "Other" option or taken from the explain-your-choice free-text field and thematically coded. Participants could describe multiple reasons.

![](pone.0231454.t005){#pone.0231454.t005g}

  "Other" responses                                                                                             Count   \% of N
  ------------------------------------------------------------------------------------------------------------- ------- ---------
  Incompatible with scruff/ health check/ procedure                                                             37      12.6
  Prefer cup methods                                                                                            15      5.1
  When tail handling is done quickly by experienced handler there is no benefit to using non-aversive methods   11      3.8
  Availability of tunnels                                                                                       9       3.1
  Tunnel more stressful than tail                                                                               8       2.7
  Biosecurity                                                                                                   7       2.4
  Incompatible with experimental apparatus                                                                      5       1.7
  Would require top down change                                                                                 4       1.4
  Researcher dependent                                                                                          3       1.0
  Use the best method at the time to pick-up mice                                                               3       1.0
  Habituation time                                                                                              3       1.0
  Aggressive mouse                                                                                              2       0.7
  Last resort when non-aversive methods don't work                                                              2       0.7
  Staff resistance to change                                                                                    2       0.7
  Currently trialling tunnel handling                                                                           2       0.7
  Tunnel handling causes mice to become resistant to other handling                                             2       0.7
  Doesn't work for specific mouse strain                                                                        2       0.7
  Unconvinced by evidence it is better than tail handling                                                       2       0.7
  Breeding colony                                                                                               1       0.3
  Cage size                                                                                                     1       0.3
  Continuity of teaching                                                                                        1       0.3

When we compared the reasons chosen for not using tunnel handling between animal care staff (N = 107) and researchers (N = 152), both groups selected "I am concerned it will be slower" and "I use the handling methods that have always been used" in their top three responses ([Table 6](#pone.0231454.t006){ref-type="table"}). However, animal care staff selected "Not sure it\'s better than current method" in their top three responses, while researchers selected "I had not previously heard of tunnel handling" ([Table 6](#pone.0231454.t006){ref-type="table"}). "I had not previously heard of tunnel handling" was chosen significantly more by researchers compared with animal care staff (14% difference, Pearson\'s chi-squared: ***χ***^**2**^ = 5.90, P = 0.01, [Table 6](#pone.0231454.t006){ref-type="table"}). The other reasons that differed by more than 5% between the job roles were, "No one has suggested to do it differently", "I use the handling methods that have always been used" and "Experimental continuity" which were chosen 8%, 7% and 6% more respectively by researchers compared with animal care staff but these did not differ significantly ([Table 6](#pone.0231454.t006){ref-type="table"}). "Financial considerations; purchase of tunnels" was selected 5% more by animal care staff compared to researchers ([Table 6](#pone.0231454.t006){ref-type="table"}). However, these differences were not statistically significant (Pearson\'s chi-squared: P \> 0.20).

10.1371/journal.pone.0231454.t006

###### Reasons given by survey participants for not using tunnel handling to pick-up laboratory mice by the two main job roles (N = 259).

Participants could select multiple options therefore the options sum to \>100%. Difference of \> 5% in the reasons selected between Researchers and Animal Care Staff are highlighted in bold. \* denotes P = 0.01.

![](pone.0231454.t006){#pone.0231454.t006g}

  Reasons for not using tunnel handling                                      \% Researchers   \% Animal Care Staff
  -------------------------------------------------------------------------- ---------------- ----------------------
  ***I use the handling methods that have always been used***                **35**           **28**
  I am concerned it will be slower                                           31               33
  Not sure it\'s better than current method                                  29               29
  ***I had not previously heard of tunnel handling\****                      **32**           **19**
  ***No one has suggested to do it differently***                            **28**           **21**
  ***Experimental continuity***                                              **17**           **11**
  *Financial considerations; purchase of tunnels*                            8                13
  Time required for retraining                                               9                10
  Tunnel handling has not been validated for my experimental paradigm        9                7
  Handling method unimportant when mice also undergo additional procedures   9                6
  Access to retraining                                                       5                6
  Financial considerations; additional staff resources                       4                6
  Possible negative influence upon experimental outcomes                     4                5

Views on the impact of tunnel handling upon mouse welfare and scientific outcomes {#sec009}
---------------------------------------------------------------------------------

After being given the opportunity to review a summary of the evidence describing the effects of tunnel handling upon mouse welfare and scientific outcomes, the most common responses of participants were that they were either mildly or very convinced that tunnel handling improved mouse welfare and scientific outcomes ([Fig 3a and 3b](#pone.0231454.g003){ref-type="fig"}). For both animal care staff and researchers, 12% more choose "very convinced" for welfare compared with scientific outcomes. Whereas, 13% more animal care staff choose "no opinion" for scientific outcomes compared with welfare ([Fig 3a and 3b](#pone.0231454.g003){ref-type="fig"}). The "not convinced" and "not very convinced" categories differed by less than 2% between scientific outcomes and welfare for both animal care staff and researchers.

![Views on the impact of tunnel handling upon mouse welfare and scientific outcomes by job role.\
Percentage of respondents that were; 1---not convinced, 2---not very convinced, 3---no opinion, 4---mildly convinced, 5---very convinced that, A) tunnel handling improves welfare, and B) tunnel handling improves scientific outcomes, (N = 390). "Other" category for job role includes Faculty head/ Directors, Regulators and Teacher/ Instructors, and constitutes 5% of respondents.](pone.0231454.g003){#pone.0231454.g003}

Thematic outcomes {#sec010}
-----------------

To identify obstacles preventing the uptake of tunnel handling methods, we asked respondents what would be required for them to consider using tunnel handling routinely. As this question specifically targeted respondents that were not routinely using tunnel handling, we expected responses from a sub-sample of respondents. 249 out of 390 total survey participants provided free-text responses (64%), 208 of those could be coded and used in the thematic analysis (53% of total survey participants). 43% of total survey participants were potentially not routinely using tunnel handling, as they reported using a combination of tail and non-aversive methods, and 39% of total survey participants reported not using any form of non-aversive methods (82% of total survey participants, see [Table 3](#pone.0231454.t003){ref-type="table"}). Therefore, a substantial proportion of respondents, that may not have been using tunnel handling routinely provided qualitative responses to the question. Percentages reported below are as a proportion of the total number of responses that could be thematically coded (N = 208).

Thematic coding identified issues pertaining to: perceived time constraints of tunnel handling and training (N = 59 (28% of responses)); practicality of tunnel handling for health checks, procedures and experimental testing (N = 54 (26%)); availability of tunnels, cost of tunnels, and biosecurity (N = 54 (26%)); a need for further evidence in support of using non-aversive handling methods (N = 49 (24%)); and a need for top-down implementation and consensus about the use of non-aversive handling methods (N = 40 (19%)).

Time constraints of tunnel handling or training {#sec011}
-----------------------------------------------

Time constraints were cited by respondents as the most common reason for not using tunnel handling. While participants stated that tunnel handling may only take a few seconds more per mouse compared with tail handling, ultimately, they were concerned that this relatively small increase would result in a significant overall increase in the time required to process large numbers of cages. Respondents stated that they would have to see further proof that using tunnel handling is as fast as tail handling for cage cleaning and health checks, and/or that the benefits to welfare and experimental outcomes outweigh any increase in the time required for handling. This, however, conflicts with the opinion of other respondents that stated mice are often found already residing in the tunnel when the time comes to lift them. In this case, participants stated that tunnel handling can be faster than tail handling for picking up mice. The time required for retraining was also mentioned as an obstacle to using tunnel handling.

Perceived practicality of tunnel handling {#sec012}
-----------------------------------------

The second most common reason participants gave for not using tunnel handling was the perceived incompatibility of tunnel handling with health checks and common procedures that require the mouse to be restrained. Another reason respondents gave for not using tunnel handling was that they believe mice can become more stressed, aggressive or harder to handle when they have not experienced direct contact with hands. Therefore, in their opinion tunnel handling may increase the distress experienced by mice when they need to be handled by hand for restraint, procedures or experimental tests. Respondents also raised the issue of incompatibility of tunnels with experimental apparatus, cages or implants. These comments included limited space within cages for tunnels, and mice not being able to fit in tunnels due to implants. Also, the size or shape of experimental apparatus preventing the use of a tunnel to transport the mouse from the home-cage to the experimental test. Finally, some tests such as the grip-strength test require rapid lifting and replacing of a mouse upon a surface, which precludes the use of a tunnel.

Availability of tunnels, cost and biosecurity {#sec013}
---------------------------------------------

Another common reason respondents gave for not using tunnel handling is the availability of tunnels; either they were not available within their facility, only cardboard tunnels were available and mice would quickly destroy them causing them to not be available for handling, or there are not enough tunnels for one to be allocated to each cage. This latter point was primarily considered a potential biosecurity issue, with respondents anticipating an increased risk of contamination when sharing tunnels between cages. The main reason provided for insufficient numbers of tunnels was the cost.

Further evidence in support of using non-aversive handling methods {#sec014}
------------------------------------------------------------------

Respondents highlighted a need for further evidence in support of other non-aversive handling methods, and this can be split into two issues. Firstly, that the tail handling in previous studies is not comparable to the methods used in practise. Respondents stated that if tail handling is done quickly by a well-trained handler there is unlikely to be a detrimental effect upon mouse welfare. Specifically, that studies that have compared tail and tunnel handling have held the tail for longer than would be common during routine handling, or handler experience of using a tunnel has not been taken into account. Respondents also highlighted the need to validate whether non-aversive methods for picking up mice continue to be beneficial when mice also need to undergo regular restraint for health checks or procedures, such as injections.

Secondly, participants stated that the majority of evidence in support of tunnel handling is restricted to behavioural outcomes and they would require evidence that handling method also impact physiological measures. Respondents stated that more convincing evidence would be an impact of handling method upon stress physiology, e.g. serum or plasma glucocorticoid concentrations, heart rate and blood pressure. Also, studies that investigate an effect of handling method upon cardiovascular indicators and the outcomes of surgical procedures, anaesthesia, and drug delivery. Furthermore, examining the effect of handling method within oncological research would be insightful. Researchers also stated that they would need to validate the method within their experimental paradigm, before using non-aversive methods routinely.

Top-down implementation and consensus {#sec015}
-------------------------------------

Participants highlighted the need for top-down changes to handling norms. Both researchers and animal care staff would need to be convinced, and resources would need to be invested in purchasing tunnels and training. Respondents stated this would only happen consistently when change happened at an institution level or when legislation was changed.

Discussion {#sec016}
==========

This survey suggests that opinions regarding the published benefits of non-aversive mouse handling have not necessarily transitioned into routine handling practise in the laboratory. Our results indicate that most respondents were aware of non-aversive handling methods for picking up laboratory mice and thought non-aversive methods likely to be beneficial for mouse welfare and experimental outcomes. Yet, 35% of respondents reported using tail handling exclusively, and a further 43% reported using a combination of tail and non-aversive methods. Importantly, our survey did not identify the frequency with which respondents that use a combination of handling methods, used either tail or non-aversive techniques. If respondents that use a combination of handling methods restrict tail handling only to situations where non-aversive methods are unsuitable, our results would suggest that the majority of respondents (61%) regularly use non-aversive handling methods (sum of 43% using a combination and 18% non-aversive only). However, respondents that use a combination of handling methods may employ tail handling for other reasons, for example experimental continuity for specific studies, due to perceived time differences between methods, or for health checks and procedures. In this case, this result would suggest that non-aversive handling methods are not the default method used for picking up mice. This highlights the need for a more nuanced understanding of when non-aversive handling methods are being implemented across laboratories. Ultimately, these results indicate there is a greater scope for the uptake and implementation of non-aversive handling.

The responses to this survey provided insight both into the reasons non-aversive methods are being used and the issues that may be preventing their widespread use. Predicted improvement to animal welfare was the most common reason for using non-aversive methods, with almost 90% of respondents reporting this as their main reason for using non-aversive methods. Whereas about half cited benefits to experimental outcomes, and one third specified guidelines at their place of work. These results may indicate that the benefits of non-aversive handling to scientific outcomes are either less important or less convincing as compared to welfare outcomes. Indeed, when asked to rate how convinced they were that tunnel handling improves animal welfare or scientific outcomes, 12% more participants were very convinced by welfare benefits compared with scientific outcomes. Additionally, more participants choose "no opinion" for scientific outcomes compared with welfare. The greater selection of "no opinion" for scientific outcomes may reflect concerns by participants of their ability to judge the validity of data in support of the benefits of non-aversive handling upon scientific outcomes. These results suggest further evidence of the impact of handling methods upon scientific outcomes would be valuable.

The survey highlighted a range of reasons participants do not use non-aversive methods for picking up laboratory mice. Reasons such as "I use the methods that have always been used", "Not sure it is better than the current method", and "No one suggested to do it differently" were each selected by more than a quarter of respondents. These reasons suggest a reluctance to change current handling methods. Responses to the survey also indicate that compared with animal care staff, researchers were more likely to use tail handling methods and were less likely to have heard of tunnel handling. This suggests one of the main reasons researchers do not use tunnel handling is due to being unfamiliar with the method. Indeed, when we removed participants that had not heard of tunnel handling from the analysis, there was no longer a significant difference between the number of researchers using tail handling compared to animal care staff (Pearson\'s chi-squared: ***χ***^**2**^ = 2.87, P = 0.09). Therefore, targeting information toward researchers on non-aversive handling methods and obtaining evidence that changing handling methods will not impede experimental continuity will likely expand the use of tunnel handling.

The most commonly cited concern selected by both researchers and animal care staff was that tunnel handling would be slower than picking up mice by the tail; 33% in the case of care staff and 31% of researchers. This concern was raised by respondents that used a combination of tail and non-aversive methods, as well as those that use tail methods only. However, this concern was more common among respondents that use tail handling to pick up mice (32% vs. 22%). The perceived time constraints of tunnel handling compared to tail handling was also the most commonly cited issue identified in the thematic analysis. In contrast to this, some respondents stated that speed and efficiency were reasons that they use tunnel handling ([Table 5](#pone.0231454.t005){ref-type="table"}). Clearly, there is conflicting opinions on the time required for tail versus non-aversive methods. Accordingly, in the thematic analysis respondents stated the need for additional research to resolve this issue, especially in studies involving larger numbers of mice. This is because for cage cleaning and some experimental designs, hundreds of mice need to be processed in a day. To date, however, published studies that have compared standard tail-handling to non-aversive methods have not explicitly quantified the time taken to handle mice between the two methods, and the number of mice processed per day have rarely exceeded 100 (but see \[[@pone.0231454.ref007]\]), more commonly sample sizes were less than 50 \[[@pone.0231454.ref017]\]. Research comparing the time required between the handling methods has been conducted within individual facilities and establishments, but these studies are often only shared internally or presented at meetings, and not shared more broadly (pers. comm.). Overall, resolving these concerns necessitates additional published studies that quantify time scales between methods, particularly those involving larger sample sizes, e.g. in breeding facilities.

Another issue pertaining to differences in the time required between non-aversive and tail methods was biosecurity. Respondents stated that having to share tunnels between cages would mean cleaning before next use. In this case, a home-cage tunnel may be required, or cup handling may be a more appropriate non-aversive method. However, cup handling may not be suitable for mice infected with zoonotic pathogens, as respondents raised the issue of biting risk. In addition, some strains, for example C57BL/6 mice have been shown to habituate more slowly to handling via a shared tunnel, compared with a home-cage tunnel \[[@pone.0231454.ref009]\]. The use of home-cage tunnels may therefore be the most effective solution to these issues, and may be especially helpful in studies involving anxious strains \[[@pone.0231454.ref009]\]. Micro-grants that fund facilities to ensure they have sufficient tunnel numbers and that staff have appropriate training would be useful to combat this issue.

Respondents raised the issue of perceived incompatibility of tunnels with experimental apparatus, cages or implants. These comments included limited space within cages for tunnels, and mice not being able to fit in tunnels due to implants. For these situations cup handling may be a more appropriate alternative to tail handling. The positive effects upon anxiety reduction and interaction with a handler mostly generalise across strains, handlers, and the light/dark phase for both cupping and tunnel handling methods \[[@pone.0231454.ref007]\]. Also, mice handled by tunnel or cupping methods showed improved performance in a habituation-dishabituation test compared to mice picked up by the tail \[[@pone.0231454.ref008]\]. This suggests the benefits of using either tunnel or cupping methods, albeit not identical, are comparable. The uptake of tunnel handling for picking up laboratory mice has also led to a wider variety of tunnel sizes and designs being manufactured, which has the potential to solve issues of unsuitability of tunnels raised in this survey.

The thematic analysis also highlighted the concern of incompatibility of tunnel handling with common procedures, such as health checks and injections, that require a mouse to be restrained. Mice are most commonly restrained by holding the tail and then grasping the loose skin of the nape of the neck, a procedure commonly referred to as 'scruffing'. From the responses in the free-form text, respondents often pick up the mouse by the tail from the cage for restraint. It was unclear if respondents also consider holding the mouse in place by the tail for restraint "tail handling", rather than specifically picking the mouse up by the tail. Nevertheless, mice do not need to be picked up by the tail for restraint, abdominal inspection or procedures. There is evidence from multiple mouse strains that single or repeated restraint, where the mouse is held in place by the tail but not lifted by the tail, does not negate the benefits of tunnel handling upon voluntary interaction with a handler \[[@pone.0231454.ref007],[@pone.0231454.ref014],[@pone.0231454.ref016]\]. Raising the back end of the mouse using the tail for abdominal inspection was also not aversive if mice were picked up and placed on the hand by tunnel or cupping methods \[[@pone.0231454.ref007]\]. Thus, reduced interaction with a handler and greater anxiety in behavioural tests caused by tail handling are likely due to being captured and picked up by the tail, rather than the tail being manipulated *per se*.

A further concern was that repeated procedures and restraint may negate any benefits of non-aversive handling methods. However, current evidence does not support this. In ICR mice, tunnel handling increased voluntary interaction with a handler compared with tail handling, even after a week of daily restraint and oral gavage of saline \[[@pone.0231454.ref011]\]. This study also provided evidence that tunnel handled mice showed greater exploration in an Open Field Test (OFT) and Elevated Plus Maze (EPM) following a single IP injection in comparison with tail handled mice \[[@pone.0231454.ref011]\]. In addition, repeated injection \[[@pone.0231454.ref014],[@pone.0231454.ref016]\], tattooing or ear-tagging \[[@pone.0231454.ref015]\], do not negate the beneficial effects of tunnel handling upon voluntary interaction with a handler. A concern identified in the thematic analysis was that respondents believed mice can become more stressed, aggressive or harder to handle after tunnel handling because they have not experienced direct contact with hands. Yet, Nakamura et al. provide evidence that tunnel handling improved ease of handling (rating scale for wildness \[[@pone.0231454.ref018]\]) during oral gavage compared to tail handled mice \[[@pone.0231454.ref011]\]. Also, the duration of handling by tail or tunnel methods (2--60 s) does not influence the beneficial effects of tunnel handling, and tunnel handling for as little as four fortnightly cage cleans, can substantially increase voluntary interaction with a handler compared with tail handled mice \[[@pone.0231454.ref014]\]. These results further suggest that it is picking the mouse up by the tail rather than restraint or undergoing a procedure, that increases anxiety and aversion to a handler. Furthermore, brief handling is sufficient for mice to show positive responses to tunnel handling \[[@pone.0231454.ref014],[@pone.0231454.ref016]\]

Survey respondents perceived the majority of evidence in support of non-aversive handling to be restricted to behavioural outcomes and stated further evidence that handling methods also impact physiological indices would increase their likelihood of using non-aversive methods. To date a couple of studies have investigated the impact of handling method upon physiological measures \[[@pone.0231454.ref010],[@pone.0231454.ref013]\]. In a study that compared tail and cup methods, mice picked up by the cupping method showed a reduction in blood glucose levels, in addition to reduced anxiety-like behaviours in the EPM, compared to mice handled by the tail \[[@pone.0231454.ref010]\]. Furthermore, cup handled mice maintained on a high-fat diet for three months exhibited improved glucose tolerance compared to tail-handled controls \[[@pone.0231454.ref010]\]. The impact of handling methods on the severity of symptoms in the ICGN glomerulonephritis mouse (a model for the human idiopathic nephrotic syndrome) has also been examined \[[@pone.0231454.ref013]\]. In female mice histopathological scores of glomerulus lesions were significantly higher for tail handled mice compared with control mice that did not receive a protocol of daily handling \[[@pone.0231454.ref013]\]. Glomerulus lesion scores for tunnel and cup handled mice were intermediate between control and tail handled mice, but they did not significantly differ from control or tail groups \[[@pone.0231454.ref013]\]. However, a small sample size was used in this study (N = 5 per sex for each handling group; control, tail, cup, tunnel), therefore the statistical power may not have been sufficient to detect significant effects.

The impact of handling methods upon response to reward has also been investigated. Tail handled mice showed decreased responsiveness to a sucrose reward compared to tunnel handled mice, indicative of anhedonia and a depressive-like state \[[@pone.0231454.ref012]\]. The impact of tail handling upon response to reward is similar to that caused by chronic stress protocols used to create models of depression in mice \[[@pone.0231454.ref012],[@pone.0231454.ref019]\]. Such manipulations are well-known to have neural and physiological effects on the mice \[[@pone.0231454.ref020]\]. Taken together these studies provide evidence that handling method can influence indices of chronic stress, impact physiology and potentially alter disease progression. But as yet these studies are limited in number and scope. Specifically, studies that have addressed the influence of handling methods upon circulating corticosterone in laboratory mice are limited. A single study has shown that tail handled mice had higher plasma corticosterone than tunnel handled mice after exploration of an EPM \[[@pone.0231454.ref010]\]. Ono et al. (2016) show that corticosterone was strain dependent; in C57BL/6 mice, plasma corticosterone (measured 20 mins after handling) was significantly higher in tail handled mice compared with unhandled controls but did not differ between tunnel and tail handled mice. Whereas, in BALB/c mice, plasma corticosterone was significantly higher in tunnel handled mice compared with tail handed mice and controls. However, this result was confounded by handling duration; handling duration was longer for tunnel handled BALB/c mice as they took longer to voluntarily enter the tunnel compared with C57BL/6 mice. Importantly, allowing mice to voluntarily enter a tunnel is also not the recommended practise, rather it is recommended that mice are guided into a tunnel \[[@pone.0231454.ref007]\]. Therefore, additional research that investigates the influence of handling method upon stress physiology is required. Furthermore, future research that investigates the importance of handling methods upon tumour growth, cardiovascular indicators, and the outcomes of surgical procedures, anaesthesia and drug delivery, would improve our understanding of how handling methods influence scientific outcomes.

This survey aimed to identify obstacles that may be preventing the uptake of non-aversive handling methods. Concerns including lack of resources, perceived practicality and time constraints of non-aversive handling were highlighted. The growing evidence base provides a general consensus on the benefits of non-aversive handling upon mouse welfare. However, respondents highlighted a need for further studies that are representative of real-life scenarios in biomedical research. Overall, additional research, and targeted outreach, training and funding could have a substantial impact upon increasing the uptake of non-aversive handling methods for laboratory mice.

Recommendations {#sec017}
===============

-   Our results suggest researchers are less likely to have heard of non-aversive handling methods compared with animal care staff. Therefore, targeting information delivery to researchers may improve the uptake of non-aversive handling.

-   This survey suggests that non-aversive methods were exclusively used for picking up laboratory mice by fewer than 20% of respondents. However, this may underrepresent the number of practitioners routinely using non-aversive methods, as 35% reported using a combination of tail and non-aversive methods. Understanding the frequency of tail handling by individuals that report using a combination of handling methods would provide a more accurate insight into the uptake of non-aversive methods.

-   The issue of tunnel availability and training may be resolved by micro-grants that fund facilities to ensure they have sufficient tunnel numbers and that staff have appropriate training.

-   Concerns that non-aversive methods may be slower, are incompatible with restraint and common procedures, and have not been explored within a number of biomedical disciplines, would be addressed by additional published studies that address these knowledge gaps. Specifically, direct research into the effects of handling methods upon physiological outcomes that are relevant to biomedical research (stress physiology, cardiovascular indicators and oncology).

Supporting information {#sec018}
======================

###### List of organisations and mailing lists.

(DOCX)

###### 

Click here for additional data file.

###### Laboratory mouse handling.

(PDF)

###### 

Click here for additional data file.

###### 

(DOCX)

###### 

Click here for additional data file.

###### 

(XLSX)

###### 

Click here for additional data file.
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1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly
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2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes
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Reviewer \#1: Yes

Reviewer \#2: Yes
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4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Overall

Solid manuscript and experiment overall. Well written, well designed, and timely. My comments below are written with the line number they reference proceeding.

Abstract

14 -- If there is space include that handling methods can also influence physiological data. Also the sentence would be better written as a list such as "influence behavior, potentially reduce replicability..., and compromise mouse welfare." The fact that the method used influences performance in behavioral test is not the reason that mouse welfare is compromised.

16 -- If space, include brief definition of non-aversive handling such as "(e.g., tunnel handling or cupping)"

18 -- A better rationale would be to mention that it's known that at least some labs are known not to use the methods, but the extent and reasons are unknown.

34 -- If space, add a conclusion statement or two of overarching conclusions of the research, additions, or next steps.

36 -- If possible, add keyword of "human-animal interaction" for broader reach

Introduction

38 -- Good intro paragraph

45 -- 65 -- Really good information and summary of non-aversive handling methods.

67 - A better rationale would be to mention that it's known that at least some labs are known not to use the methods, but the extent and reasons are unknown. You can use terms such as "suspected" or "anecdotally" low levels/barriers.

Methods

78 -- Was this protocol reviewed by a human subjects research board? If so, please give the protocol number in the methods? If not, why did you not seek review?

80 - What were your inclusion criteria/how did you screen participants?

105 -- Some of the details in the analysis section such as whether a list was used, or the number of options given for a response do not seem relate to analysis and rather are more descriptive about the survey. Move these up.

113 -- State that these groupings were only used for analysis, but that all statistics were reported. I initially thought you were not going to give all the percentages per category.

129 -- How many respondents provided qualitative comments? Also were percentages taken out of all of the participants or all of the respondents to the question? (The former I think would be more accurate.)

Analysis -- In this section you should provide indication/rationale for why you will be splitting results based on job role.

Results

148 -- Give rationale for why you're splitting up these statistics by job role so it is clear for the reader.

167-175 -- Clear reporting/summary in text.

230-235 -- This figure could be summarized better. Focus more on the overarching conclusions rather than the differences by job role.

247 -- Better to list the % of respondents. Otherwise it's a bit misleading.

256 -- If you repeat the N, consider also repeated the %.

261-264 -- It's unclear whether the same or different respondents indicated that mice are often already residing in the tunnel. If it's different respondents then please cut this. Use the discussion section to provide additional information & discuss conflicting opinions.

271 -- 273 -- Save the interpretation of this response for the discussion.

Discussion

322 -- The first sentence is a bit hard to digest. Be sure to indicate that "after reading information" (or state otherwise) they thought they'd be beneficial and that the "currently" certain percentages use each methods.

334 -- To me, it seems like even if the maximum amount use non-aversive methods (61%), there is still a need for more implementation of them. Even in the best case scenario, more work is needed as it's barely more than half. And in the worst case scenario it's only 18%. Therefore I think this survey highlights the need for greater implementation.

339 -- remove the comma before the "and"

343-347 -- This is good interpretation, but could be stated more simply. I suggest something similar to "These results may indicate that the benefits of non-aversive handling to scientific outcomes are either less important or less convincing as compared to welfare outcomes." Then summarize the supporting data. In 346 just say "participants" vs "researchers and animal care staff".

347 -- Sub "additionally" for "whereas" and cut "the number of participants that were unconvinced differed very little between welfare & scientific outcomes." I think this will help with comprehension and clarity of this point, which I think is a good one, but is getting lost in the sentence structure. I don't think that the number that were unconvinced speaks to participants ability to judge the validity of data as they are specifically saying that were not convinced.

362-367 -- Awesome insight!

369 -- It is important to indicate your sample size here and the % of participants that actually replied to this question. I'm not sure if you actually state that in your results, but it is important for how far to draw your conclusions.

369-370 -- Is the concern it would be slower part of the thematic analysis or was that a closed response? If so, the topic sentence of this paragraph is a bit misleading. Also then sentence 375-376 is confusing as well and seems to repeat 370-372.

385-386 -- good conclusion

403 -- why is this sentence bold?

471 -- A limitation section should be added. Key point is to indicate is that this was a convenience sample.

471 -- A final conclusion paragraph should be added indicating the contribution of this experiment to the field & big over-arching findings.

473 -491 -- I like this recommendation section

Tables & Figures

Table 1 -- The inclusion of the % per category aware of non-aversive handling seems odd to me and the rationale of it is not well explained. Also with so few respondents in some categories it may be slightly misleading (e.g., saying that 100% of respondents from India were aware of non-aversive handling when there was only 1 respondent from India).

Table 2 -- Similar to the comment above, but with the gender split & % female. This doesn't seem to answer a study aim and provides excessive information.

Table 3 -- Same comment as above. You also don't mention splitting by sex in text. This is extraneous information. Also I would not provide the specifics under "tail and non-aversive." This could also be nice as a visual chart instead. Easier to absorb as a reader.

Table 4 -- It is a bit confusing to have both closed-choice and thematically coded text in the same table (especially since Table 5 specifically indicates thematically coded responses for the other question). Please remove the thematically coded text and instead only include that in text or instead in a different part of the table. Otherwise it looks like all options were available to respondents and few chose the other ones. If you choose to include as a sub table, order responses from most common (mouse already in tunnel) to least common (personal well-being).

Table 5 -- In the table description make sure to indicate that these responses were thematically coded. Technically these are the "themes" of responses, not the reasons themselves.

Figure 1 -- Provide a bar & "\*" between the comparisons that were significantly different.

Figure 1 & 2 -- Use a gradient color scale to more intuitively indicate stronger/more often responses with darker colors and weaker/less often responses with light color (e.g., \< 1 month could be white and every working day could be black or a dark shade of blue or whatever color you like). Also abbreviate more than as "\>" and less than as "\<" Then the legend will likely fit on one line and be easier to read/comprehend.

Figure 2 -- Right now the tail & non-aversive and non-aversive bars really jump out at the reader. Is that what you want to highlight? It may be better to specifically choose a darker color for what you want to highlight (non-aversive methods) and then let the others be similar colors since perhaps they are similar? It depends on the story you want to tell.

Figure 3 -- Bold highlighting does not come across. Instead consider an asterix only for the significantly difference methods. There appears to be a ¼ after "time required for retraining." As English readers will read from top to bottom, order the options from most to least common from top to bottom. I would also consider just making this into a table, as it is a bit difficult to read as a figure. Left justification of the response text may help.

Figure 4 -- These graphs are fairly difficult to absorb as a viewer. Use color intentionally to indicate responses. The not convinced & not very convinced bars should be similar colors since they indicate similar responses. No opinion should be colored grey or white since it is neutral. Mildly & Very should be a different color. See this article for another way & advice for creating graphs for likert responses - <https://stephanieevergreen.com/aggregated-stacked-bars/>

Figure 4C - The differences in views part of the table is confusing and seems to repeat the above tables. I would cut this and instead summarize in text. I'm not sure this granulation of responses is necessary/useful. Or somehow change the graph, but it's fairly difficult to absorb on it's own.

Reviewer \#2: I was very pleased to see a manuscript based on feedback from researchers and animal care staff on the use of different handling methods, and I only have a couple of comments:

Comment 1:

Effects of tail handling on anxiety are widely reported and have been replicated by many research groups. My main concern is that these effects have only been found after extensive daily handling and while this type of handling may be relevant for some types of research (e.g. habituating the animals to handling before behavioural testing), the results may not apply to routine husbandry practices with handling of mice once or twice per week during cage changes and other routine procedures.

Therefore, this manuscript is a good opportunity to provide a more balanced view on impacts of handling method on mouse welfare and data quality and I would like to see a more critical view on the existing literature on effects of handling method. In the Introduction, the authors list the studies showing impacts of tail handling on anxiety measures, anhedonia etc, but these effects are strain dependent (Gouveia and Hurst, Reducing mouse anxiety during handling: effect of experience with handling tunnels, Hurst and West, Taming anxiety in laboratory mice), sex dependent (Gouveia and Hurst, Improving the practicality of using non-aversive handling methods to reduce background stress and anxiety in laboratory mice), and contradictory findings have been found (Nakamura et al).

In Lines 59-60, the authors say that \"Furthermore, handling method can impact physiological indices\" and quote two references (Ghosal et al and Ono et al). This is a very vague statement, and the authors do not specify the results of the referenced studies in more detail, which would clarify that handling method impacts some, but not all physiological indices (Ghosal). Ono et al found that handling (regardless of method) has an effect on renal disease model phenotype, they even report higher blood corticosterone levels in tunnel handled mice (again, only one strain and one sex).

Overall, it would be useful if the effects of non-aversive handling would be put in perspective and more critically assessed (Line 64-65). This is also echoed by the responses of participants in the study -- page 18, Lines 293-312

Comment 2:

The results and discussion could be split into two main points:

1\. issues dealing with practicality, cost and training of tunnel handling - which can be addressed by outreach, training etc and

2\. The need for further evidence in support of using non-aversive handling method. The fact that 30-40% of respondents said they are mildly convinced that non-aversive handling methods improve animal welfare and scientific outcomes (Fig 4), the authors could place more focus on the need for further studies facilitating a more accurate (and real life scenario) assessment of the effects of handling procedures on the data quality and wellbeing of mice. This is addressed in the discussion (Page 23, Lines 428-443), but it seems that the authors cite the literature in support of tunnel handling (and they could be more critical in evaluating it, see Comment 1).

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Megan R. LaFollette

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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21 Mar 2020

Dear Editor(s),

Thank you for the opportunity to submit a revised version of our manuscript (PONE-D-19-32020), "Identifying obstacles preventing the uptake of tunnel handling methods for laboratory mice: An international thematic survey". We were pleased to see that you and the two reviewers judged the manuscript to be timely, well written and well designed.

We are very grateful to you and the reviewers for their advice; they have provided insightful comments and questions, and in responding to them, we believe the manuscript is very much improved.

We have now carefully considered the questions and suggestions from the reviewers' and have produced a detailed description of how we have improved our manuscript in response to them. Our responses to the reviewers are in bold below their comments. In the edited version of the manuscript, changes are highlighted in green.

Sincerely,

Lindsay Henderson

Reviewer \#1:

Solid manuscript and experiment overall. Well written, well designed, and timely. My comments below are written with the line number they reference proceeding.

Abstract

14 -- If there is space include that handling methods can also influence physiological data. Also the sentence would be better written as a list such as "influence behavior, potentially reduce replicability..., and compromise mouse welfare." The fact that the method used influences performance in behavioral test is not the reason that mouse welfare is compromised.

This sentence has been changed to "Handling of laboratory mice is essential for experiments and husbandry, but handling can increase anxiety in mice, compromising their welfare and potentially reducing replicability between studies", on lines 14-15. We have not referenced physiological data as this is limited, and in accordance with the comments of Reviewer 2.

16 -- If space, include brief definition of non-aversive handling such as "(e.g., tunnel handling or cupping)"

This has been added on line 16.

18 -- A better rationale would be to mention that it's known that at least some labs are known not to use the methods, but the extent and reasons are unknown.

This has been added on line 19, "some labs continue to use tail handling for routine husbandry".

34 -- If space, add a conclusion statement or two of overarching conclusions of the research, additions, or next steps.

This has been added on lines 35-37.

36 -- If possible, add keyword of "human-animal interaction" for broader reach

This has been added to the Keywords.

Introduction

38 -- Good intro paragraph

45 -- 65 -- Really good information and summary of non-aversive handling methods.

Thank you.

67 - A better rationale would be to mention that it's known that at least some labs are known not to use the methods, but the extent and reasons are unknown. You can use terms such as "suspected" or "anecdotally" low levels/barriers.

Thank you for your comment. We have added this on lines 84-86, "tail handling continues to be used for routine handling in some laboratories, and the extent to which non-aversive methods are being routinely used is unknown".

Methods

78 -- Was this protocol reviewed by a human subjects research board? If so, please give the protocol number in the methods? If not, why did you not seek review?

Yes, the anonymous questionnaire was reviewed by the Newcastle University Ethics committee. See line 103.

80 - What were your inclusion criteria/how did you screen participants?

We did not screen participants; we have added a sentence to clarify this on lines 101-102. "All participants that completed the survey were included in analysis, participants were not screened, and no inclusion or exclusion criteria were used."

105 -- Some of the details in the analysis section such as whether a list was used, or the number of options given for a response do not seem to relate to the analysis and rather are more descriptive about the survey. Move these up.

We have not moved text from this section but based on your comments we have renamed the section to, "Data processing and analysis", to more accurately describe its' content.

113 -- State that these groupings were only used for analysis, but that all statistics were reported. I initially thought you were not going to give all the percentages per category.

We have now stated "Where appropriate job roles were used for analysis and descriptive statistics." on lines 147-148.

129 -- How many respondents provided qualitative comments? Also were percentages taken out of all of the participants or all of the respondents to the question? (The former I think would be more accurate.)

The percentages that were reported were the proportion of the total number of respondents that provided a response to the question that could be coded into a theme. The question being "What would be required for you to consider using tunnel handling routinely?". Not the proportion of the total number of participants that completed the survey. We take your point that this may not give an accurate view of the results, so we have made changes to the Methods and Results sections to reflect this.

249 participants provided qualitative comments, see lines 165-169 in the methods section. Of these comments, 208 provided responses to the question that could be categorized into themes. For example, some comments could not be coded into themes as they stated responses like; "I will now start using tunnel handling" or "I already use tunnel handling or cup handling routinely".

Importantly, this question specifically targeted respondents that were not routinely using tunnel handling. So, we expected responses only from a sub-sample of respondents, i.e. those not routinely using tunnel handling. Because of this we do not think only reporting the % as a proportion of the total number of survey participants is more accurate. Instead we have added further information to explain this in the methods section on lines 165-169;

..."Not all respondents provided qualitative comments for the question, "What would be required for you to consider using tunnel handling routinely?", that offered a free-form response, as the question was optional (N = 249). As this question specifically targeted respondents that were not routinely using tunnel handling, responses were gathered from a sub-sample of respondents."

Also, in the Results section we now provide a more in-depth description of the sub-sample of respondents that provided the responses used in the thematic analysis, in relation to the total number of survey participants. See lines 294-304 of the Results section. We also explain the percentages reported in the thematic analysis section.

"As this question specifically targeted respondents that were not routinely using tunnel handling, we expected responses from a sub-sample of respondents. 249 out of 390 total survey participants provided free-text responses (64%), 208 of those could be coded and used in the thematic analysis (53% of total survey participants). 43% of total survey participants were potentially not routinely using tunnel handling, as they reported using a combination of tail and non-aversive methods, and 39% of total survey participants reported not using any form of non-aversive methods (82% of total survey participants, see Table 3). Therefore, a substantial proportion of respondents, that may not have been using tunnel handling routinely, provided qualitative responses to the question. Percentages reported below are as a proportion of the total number of responses that could be thematically coded (N = 208)."

Analysis

In this section you should provide indication/rationale for why you will be splitting results based on job role.

Please see lines 139-148.

Results

148 -- Give rationale for why you're splitting up these statistics by job role so it is clear for the reader.

We have added these details in the methods section on lines 139-148.

167-175 -- Clear reporting/summary in text.

230-235 -- This figure could be summarized better. Focus more on the overarching conclusions rather than the differences by job role.

Figure 3 (was Fig. 4) legend has been re-worded. Please see response to your comments for Tables & Figures.

247 -- Better to list the % of respondents. Otherwise it's a bit misleading.

Thank you for your comment. As outlined above this is the % of responses to the question. In this section we have not changed this. We think this is a more accurate representation of participants who would have answered this question, i.e. those that were not routinely using tunnel handling. However, we have explained our rationale for this further in the Methods and Results sections of the manuscript in response to your other comments. We have also shown the proportion of responses as a percentage of total survey participants. Please also see our responses to your comments above.

256 -- If you repeat the N, consider also repeated the %.

We have removed the Ns here as we have added more details about the sample size on lines 294-304 of the Results section.

261-264 -- It's unclear whether the same or different respondents indicated that mice are often already residing in the tunnel. If it's different respondents, then please cut this. Use the discussion section to provide additional information & discuss conflicting opinions.

Thank you for your comment. Yes, it was different respondents that said tunnel handling was faster than tail handling. We have added "other" on line 297 to clarify this. As this is a description of the comments provided we have not removed this sentence from the results section. We discuss that fact that there are conflicting opinions in the discussion on lines 434-455.

271 -- 273 -- Save the interpretation of this response for the discussion.

These sentences have been removed, see line 322. This is now only examined in the Discussion, please see lines 434-455.

Discussion

322 -- The first sentence is a bit hard to digest. Be sure to indicate that "after reading information" (or state otherwise) they thought they'd be beneficial and that the "currently" certain percentages use each method.

This paragraph has now been re-worded to reflect your comment. We have not specifically added "after reading information" because information was offered to each participant and they were encouraged to read the information but there was no way to enforce this. Therefore, we cannot state that they had read the information through completing the survey. We assume they had read about non-aversive handling before and/or during the survey. Especially as the majority of participants had heard of non-aversive handling before completing the survey. Rather than saying currently we have changed the language to say "reported using", i.e. those were the methods they used when they completed the survey, the methods they are now using may have changed. Please see lines, 382-402.

334 -- To me, it seems like even if the maximum amount use non-aversive methods (61%), there is still a need for more implementation of them. Even in the best-case scenario, more work is needed as it's barely more than half. And in the worst-case scenario it's only 18%. Therefore, I think this survey highlights the need for greater implementation.

We have added this to lines, 399-401.

339 -- remove the comma before the "and"

Comma has been removed.

343-347 -- This is good interpretation but could be stated more simply. I suggest something similar to "These results may indicate that the benefits of non-aversive handling to scientific outcomes are either less important or less convincing as compared to welfare outcomes." Then summarize the supporting data.

We have changed this sentence, now on line 408-410.

In 346 just say "participants" vs "researchers and animal care staff".

We have now said participants, see line 412.

347 -- Sub "additionally" for "whereas" and cut "the number of participants that were unconvinced differed very little between welfare & scientific outcomes." I think this will help with comprehension and clarity of this point, which I think is a good one, but is getting lost in the sentence structure. I don't think that the number that were unconvinced speaks to participants' ability to judge the validity of data as they are specifically saying that were not convinced.

We have changed "whereas" to "additionally" on line 413. We have also split up the sentences so that we are stating it is the greater selection of "no opinion" for scientific outcomes that may reflect concerns by participants of their ability to judge the validity of data. See lines 414-416.

362-367 -- Awesome insight!

369 -- It is important to indicate your sample size here and the % of participants that actually replied to this question. I'm not sure if you actually state that in your results, but it is important for how far to draw your conclusions.

Thank you for your insight, we have stated this more clearly in the results section in response to your comments, so that the reader can judge how much weight to give our conclusions. As we have outlined above, we have given a clearer description of the proportion of total respondents that responded to this question. Also see our response to your comments above. See changes to Methods and Results.

369-370 -- Is the concern it would be slower part of the thematic analysis or was that a closed response? If so, the topic sentence of this paragraph is a bit misleading. Also, then sentence 375-376 is confusing as well and seems to repeat 370-372.

Thank you for your comment, we have now removed this sentence. Time constraints were one of the most commonly chosen reasons for not routinely using tunnel handling. They were also the most common issue highlighted by the thematic analysis.

385-386 -- good conclusion

Thank you.

403 -- Why is this sentence bold?

This sentence was not in bold in our version, this may have been a pdf conversion issue. It is no longer in bold.

471 -- A limitation section should be added. Key point is to indicate is that this was a convenience sample.

We have not explicitly stated that this survey was a convenience sample, but we have clearly outlined our sample size and methods for recruiting participants, so that readers can assess the confidence they should place on our results. We draw attention to other limitations of the survey throughout.

471 -- A final conclusion paragraph should be added indicating the contribution of this experiment to the field & big over-arching findings.

We have now added a final paragraph at the end of the Discussion.

473 -491 -- I like this recommendation section

Thank you.

Tables & Figures

Table 1 -- The inclusion of the % per category aware of non-aversive handling seems odd to me and the rationale of it is not well explained. Also with so few respondents in some categories it may be slightly misleading (e.g., saying that 100% of respondents from India were aware of non-aversive handling when there was only 1 respondent from India).

We agree with your comment and have now removed these data from the table. A written description of the % of respondents that had heard of tunnel handling is still in the main text.

Table 2 -- Similar to the comment above, but with the gender split & % female. This doesn't seem to answer a study aim and provides excessive information.

We agree with your comment and have now removed these data from the table.

Table 3 -- Same comment as above. You also don't mention splitting by sex in text. This is extraneous information. Also I would not provide the specifics under "tail and non-aversive." This could also be nice as a visual chart instead. Easier to absorb as a reader.

We agree with your comment and have now removed the gender split from the table. However, we have left the specifics of the methods used in the table. To improve clarity, we have ordered responses from most common to least common.

Table 4 -- It is a bit confusing to have both closed-choice and thematically coded text in the same table (especially since Table 5 specifically indicates thematically coded responses for the other question). Please remove the thematically coded text and instead only include that in text or instead in a different part of the table. Otherwise it looks like all options were available to respondents and few chose the other ones. If you choose to include as a sub table, order responses from most common (mouse already in tunnel) to least common (personal well-being).

We agree with your comment and we have split the responses within the table. We now clearly explain in the table that some responses when chosen from answer options provided, and some were collected from the other option. We have also ordered responses from most common to least common as suggested.

Table 5 -- In the table description make sure to indicate that these responses were thematically coded. Technically these are the "themes" of responses, not the reasons themselves.

We have added this to the legend of Table 5.

Figure 1 -- Provide a bar & "\*" between the comparisons that were significantly different.

Figure 1 & 2 -- Use a gradient color scale to more intuitively indicate stronger/more often responses with darker colors and weaker/less often responses with light color (e.g., \< 1 month could be white and every working day could be black or a dark shade of blue or whatever color you like). Also abbreviate more than as "\>" and less than as "\<" Then the legend will likely fit on one line and be easier to read/comprehend.

Figure 2 -- Right now the tail & non-aversive and non-aversive bars really jump out at the reader. Is that what you want to highlight? It may be better to specifically choose a darker color for what you want to highlight (non-aversive methods) and then let the others be similar colors since perhaps they are similar? It depends on the story you want to tell.

Figure 3 -- Bold highlighting does not come across. Instead consider an asterix only for the significantly difference methods. There appears to be a ¼ after "time required for retraining." As English readers will read from top to bottom, order the options from most to least common from top to bottom. I would also consider just making this into a table, as it is a bit difficult to read as a figure. Left justification of the response text may help.

Figure 4 -- These graphs are fairly difficult to absorb as a viewer. Use color intentionally to indicate responses. The not convinced & not very convinced bars should be similar colors since they indicate similar responses. No opinion should be colored grey or white since it is neutral. Mildly & Very should be a different color. See this article for another way & advice for creating graphs for likely responses - <https://stephanieevergreen.com/aggregated-stacked-bars/>

Figure 4C - The differences in views part of the table is confusing and seems to repeat the above tables. I would cut this and instead summarize in text. I'm not sure this granulation of responses is necessary/useful. Or somehow change the graph, but it's fairly difficult to absorb on it's own.

Thank you for your comments we have made the changes you suggested and believe it has improved our figures. We have used gradient colours for Figs 1 & 2, the colours we have used come from colorbrewer

(<https://colorbrewer2.org/#type=sequential&scheme=YlGnBu&n=3>), which provides colour gradient and divergent colour schemes that are colour blind friendly and optimize colour differences for perception. We have added "\*\*" on Fig 2. Also, Fig 2 is now ordered based on the most commonly used handling method, and we have added a sentence describing the figure to the legend. For Fig. 2 we have also added a reference to a supplementary figure (3) that compared handling methods between the UK and the other countries represented.

We have replaced Fig 3 with a Table (Table 6). For Fig 4 (now Fig 3) we have used colours as suggested and removed 4c.

Reviewer \#2: I was very pleased to see a manuscript based on feedback from researchers and animal care staff on the use of different handling methods, and I only have a couple of comments:

Comment 1:

1.1 Effects of tail handling on anxiety are widely reported and have been replicated by many research groups. My main concern is that these effects have only been found after extensive daily handling and while this type of handling may be relevant for some types of research (e.g. habituating the animals to handling before behavioural testing), the results may not apply to routine husbandry practices with handling of mice once or twice per week during cage changes and other routine procedures.

This is an important point and we have outlined new evidence investigating this issue, now on lines 76-79 in the Introduction, we have also referenced two more recent papers (included our own work) that have shown that weekly or fortnightly handling during cage cleaning continues to influence behaviour. Also, in the Discussion, lines 511-515.

1.2 Therefore, this manuscript is a good opportunity to provide a more balanced view on impacts of handling method on mouse welfare and data quality and I would like to see a more critical view on the existing literature on effects of handling method. In the Introduction, the authors list the studies showing impacts of tail handling on anxiety measures, anhedonia etc, but these effects are strain dependent (Gouveia and Hurst, Reducing mouse anxiety during handling: effect of experience with handling tunnels, Hurst and West, Taming anxiety in laboratory mice), sex dependent (Gouveia and Hurst, Improving the practicality of using non-aversive handling methods to reduce background stress and anxiety in laboratory mice), and contradictory findings have been found (Nakamura et al).

We highlight strain dependence, please see lines 65, 462-465 and 476. We suggest that while the results of previous studies are not identical (we have highlighted this in the article see lines 476, 568), they are broadly in agreement, i.e. the vast majority of effects of handling method upon behaviour are in the same direction. Therefore, we feel itemizing each result highlighted in your comment in the manuscript is not necessary to give an overall description of current research. We also restrict our statement to effects of handling upon interaction with a handler that is consistent across studies. Please see an outline of results from the studies you mention below to explain our position;

Strain dependence

Gouveia and Hurst, Reducing mouse anxiety during handling: effect of experience with handling tunnels

Comparing shared tunnels C57 and ICR mice. ICR showed significant difference between handling methods after one session. Whereas, for C57 mice this was only the case after 9 sessions. However, both strains reacted similarly to home tunnels.

• This is highlighted on lines 462-465.

Hurst and West, Taming anxiety in laboratory mice.

For Voluntary Interaction tests, strains differ in effects sizes but show the same overall direction of effects caused by handling methods.

For the EPM, dark phase testing, tail handled BALB/c, C57 and ICR show significantly more protected stretch attend poses than tunnel handled mice. Tail handled C57 and ICR showed significantly fewer open arm entries, but C57s did not. Tail handled BALB/c (Female only) and ICR spent less time on the open arms, but C57s did not.

For the EPM, light phase testing, tail handled BALB/c and C57s showed significantly more protected stretch attend poses. Tail handled C57 showed significantly fewer open arm entries, but BALB/c did not. Also, tail handled BALB/c showed significantly more entries into open arm than tunnel handled.

Sex dependence

Gouveia and Hurst, Improving the practicality of using non-aversive handling methods to reduce background stress and anxiety in laboratory mice

There were significant sex differences in behaviour, but all in the same direction, tunnel versus tail. The exception was that there was no difference for male mice between tail and tunnel handling for time spent on open arms of the EPM.

Contradictory findings have been found

Nakamura et al., Tunnel use facilitates handling of ICR mice and decreases experimental variation.

For the EPM, tail handled mice spent greater % time on open arms than tunnel handled mice. However, other results were in agreement with tunnel handled mice being less anxious. Tail handled mice showed fewer entries onto all arms (had lower overall activity) and specifically onto the open arms.

For Voluntary Interaction tests, significantly higher interaction for tunnel handled throughout the experiment. Amount of interaction did decline after oral administration particularly for tunnel handled mice. However, the difference in behaviour continued to be significantly different between handling methods, with tunnel handled mice showing higher levels of interaction.

Tunnel handled mice were easier to handle throughout and had lower levels of urination and defecation.

CVs for all items except % time in open arms were greater in the tail handling group compared to the tunnel handling group.

1.3 In Lines 59-60, the authors say that \"Furthermore, handling method can impact physiological indices\" and quote two references (Ghosal et al and Ono et al). This is a very vague statement, and the authors do not specify the results of the referenced studies in more detail, which would clarify that handling method impacts some, but not all physiological indices (Ghosal). Ono et al found that handling (regardless of method) has an effect on renal disease model phenotype, they even report higher blood corticosterone levels in tunnel handled mice (again, only one strain and one sex). Overall, it would be useful if the effects of non-aversive handling would be put in perspective and more critically assessed (Line 64-65). This is also echoed by the responses of participants in the study -- page 18, Lines 293-312.

Thank you for your comment. We have changed the language to reflect your comment, we now state "To date evidence regarding the impact of handling method upon physiological indices is limited. A single study has shown that handling method can influence glucose metabolism, and there are inconsistent results regarding the influence of handling methods upon plasma corticosterone levels from two studies.". Please see lines 70-74. We have also elaborated on this point in the Discussion, to highlight the limitations of physiological data, and need for further research. Please see lines 547-559.

We have outlined the Ono et al. study in the Discussion. The statement in Ono et al. (In both male and female mice, handled mice appeared to show a more severe lesion grade level than the control mice regardless of the handling method) does not have a statistical test. The only significant statistical test reported is the difference between female tail handled and female control (unhandled) mice. We report this finding and that tunnel and cup handling mice scores did not differ significantly from either tail handled or control mice on lines 533-535.

Comment 2:

The results and discussion could be split into two main points:

1\. issues dealing with practicality, cost and training of tunnel handling - which can be addressed by outreach, training etc and

2\. The need for further evidence in support of using non-aversive handling method. The fact that 30-40% of respondents said they are mildly convinced that non-aversive handling methods improve animal welfare and scientific outcomes (Fig 4), the authors could place more focus on the need for further studies facilitating a more accurate (and real life scenario) assessment of the effects of handling procedures on the data quality and wellbeing of mice. This is addressed in the discussion (Page 23, Lines 428-443), but it seems that the authors cite the literature in support of tunnel handling (and they could be more critical in evaluating it, see Comment 1).

As there are overlapping issues, we have not divided the results and discussion into two sections. However, we have moved the paragraph discussing the issues with perceived incompatibility of tunnels with experimental apparatus up, so that it follows the paragraph about lack of tunnels and biosecurity issues.
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